The authors performed laboratory chamber experiments to study the effect of particle acidity on α-pinene SOA. Firstly, the authors found that the particle acidity has small effect on α-pinene SOA yield under low-NOx conditions, but has large effects on α-pinene SOA yield under high-NOx conditions. This has been shown in Eddingsaas et al. (2012a). Secondly, the authors showed that α-pinene SOA formation under low-NO x conditions is influenced if the particle seed is injected after α-pinene photooxidation. This has also been shown in Eddingsaas et al. (2012a). Thirdly, the authors observed that the fraction of C x H y N z + and C x H y O z N p + fragments in total organics increases with particle acidity, which is the only new finding in the manuscript. Considering the lack of novel findings in the manuscript, I would not recommend this manuscript for publication in its current state.
3 seed particles and α-pinene applied in our study are more relevant to the atmosphere compared to Eddingsaas et al. (2012a) . In fact, one could argue that the experiments of Eddingsaas et al. (2012a) were conducted under conditions that were entirely irrelevant to the atmosphere, as NO x levels of 800 ppb are never encountered and RH of <10% are similarly rare. Regarding the research focus, we investigate the effect of particle acidity at four acidic levels; we observed that the acidity effect was stronger in the initial photooxidation period under high-NO x conditions; we reported the time scale of the acidity effect, the high-resolution organic fragment distributions, the oxidation state of α-pinene SOA in the different experiments, and the potential formation of organic nitrates based on the AMS measurements. In contrast, there is little or no discussion on these topics by Eddingsaas et al. (2012a) . In order to highlight the novelty of our study, an explicit research objective has been added in the revised manuscript:
RH (%)
"The yield of α-pinene SOA was obtained at various particle acidity levels under high-and low-NO x conditions. The dependence of SOA yield on particle acidity and the time scale of the acidity effect are characterized and discussed. The effect of particle acidity on the chemical composition of α-pinene SOA, the fragment distributions of bulk organics, and the oxidation state of organics are examined based on the high-resolution analysis of organic aerosol mass spectra. The possible contribution of particle acidity to the formation of particulate organic nitrates under high-NO x conditions is also discussed. Finally, the potential significance of the observed acidity effect in the ambient atmosphere is summarized." (Lines 83-89) 6 partitioning into the particle phase and there may also be particle phase reactions which are enhanced by acidity leading to nitrates. As there is no detailed information on the exact form of the organic molecules here, it is not possible to provide a mechanism from the available data of this study.
However, one example is the formation of sulfated organic nitrates through the further reactions of sulfuric acid with α-pinene oxidation products of nitroxyl alcohols and carbonyls, as proposed by Surratt et al. (2008) . We have revised the original sentences as follows (a and b) and also have added a statement (c) for the possible mechanisms:
a. "…, indicating that organic nitrates may be formed heterogeneously through a mechanism catalyzed by particle acidity or that acidic conditions facilitate the partitioning of gas phase organic nitrates into particle phase." b. "Clearly, the presence of acidic particles promotes the formation of α-pinene SOA under high-NO x conditions and NO x is likely involved in the acid-catalyzed reactions during α-pinene photooxidation."
(Lines 217-219)
c. "One possible reaction is the acid-catalyzed formation of sulfated organic nitrates through α-pinene oxidation products such as nitroxyl alcohols and carbonyls reacting with sulfuric acid (Surratt et al., 2008) . Further investigations on the individual particle phase organic nitrate species at a molecular level combined with gas-particle kinetics are required to elucidate the detailed reaction mechanisms."
(Lines 344-348)
Surratt, J. D., Gómez-González, Y., Chan, A. W. H., Vermeylen, R., Shahgholi, M., Kleindienst, T. E., Edney, E. O., Offenberg, J. H., Lewandowski, M., Jaoui, M., Maenhaut, W., Claeys, M., Flagan, R. C., and Seinfeld, J. H.: Organosulfate Formation in Biogenic Secondary Organic Aerosol, J. Phys. Chem. A, 112(36), 8345-8378, doi:10.1021/jp802310p, 2008. (2) line 322-323. The change in NO + /NO 2 + ratio is a reflection of the change in organic nitrate composition, instead of organic nitrate amount. The increasing in NO + /NO 2 + ratio with particle acidity likely suggests that particle acidity has different effects on the partition of different organic nitrate species. This is one possible explanation for the observation that the mass fraction of organic nitrates increases with particle acidity under high-NO x conditions.
The sentence referred: "An increasing NO + /NO 2 + ratio again suggests that organic nitrates were enhanced with the increase in particle acidity under high-NO x conditions."
Response: We agree that the composition of organic nitrate species might be different under various acidic conditions and particle acidity could have different effects on the partitioning of different organic nitrate species. The original sentence has been revised to:
"The increase in NO + /NO 2 + ratio with particle acidity suggests that the composition of organic nitrate species might be different under various acidic conditions, which is possibly due to the varied effect of particle acidity on the formation and/or partitioning of different organic nitrate species." (Lines 364-367) Response: We agree that the original method for the calculation of SOA yield is not appropriate. We have estimated the organic nitrates mass and yield using the method suggested by the reviewer and have added the following details in the revised manuscript:
"Assuming an average molecular weight of organic nitrate molecules ranging from 200 to 300 g mol
, where 62 g mol −1 is attributed to the -ONO 2 group and the remaining from the organic mass (Boyd et al., 2015) , the organic nitrate mass was estimated to be approximately 0.6-1.4 µg m −3 . This resulted in a contribution of 17.5-20.5% to total α-pinene SOA and an overall organic nitrate yield of 0.7-1.6%
under high-NO x conditions in this study." (Lines 331-335)
Also, are NO + and NO 2 + included in the SOA yield and O:C calculation?
Response: As NO + and NO 2 + were considered to be the fragments from organic nitrates in this study,
we have included them in the SOA yield and O/C ratio calculation. The mass concentrations of NO + and NO 2 + fragments were generally small and the sum of them was in the range of 0-0.3 µg m −3 .
Therefore, the SOA yield and O/C ratio reported in the revised manuscript only changed very slightly compared to the original values, and these changes did not affect the conclusions in this study. (1999) compared to our study is that they investigated the SOA yield from ozonolysis of α-pinene without the consideration of an acidity effect. We attribute the gradual decrease in the first 30 minutes to the acidity effect, and more specifically, the decrease in the availability of the acidic phase as organics were formed. This is discussed in the manuscript as follows:
"A slight decrease in the SOA yield for acidic particles was also observed after the relatively higher SOA yields within the first 30 min. A possible interpretation for such a decrease in yield is that acidic particles (i.e., the inorganic core) were gradually less accessible with increased organic coating on acidic particles, assuming that the diffusion of organic molecules into the inorganic seeds was considerably slowed. This process was indeed possible at the studied final RH (approximately 29-43%),
given that SOA could be in an amorphous solid or semisolid state with high viscosity at low to moderate RH (e.g., ≤ 30%) (Renbaum-Wolff et al., 2013; Virtanen et al., 2010) ." (Lines 241-247) Also, Figure 3 in our study presents the time series of instantaneous SOA yields vs. ΔM 0 for individual experiments, in contrast to the final SOA yield presented in Griffin et al. (1999) . The mass concentration of sulfate decreased smoothly over the experiment period due to particle loss on the chamber wall. There was no significant unexpected change in sulfate concentration once organic mass was formed. The calculated α-pinene SOA yield (i.e., the ratio of ΔM 0 /ΔHC) can be affected by both ΔM 0 and ΔHC. The ΔM 0 in individual experiments increased constantly as seen in Figure 1 . The high yields at the very beginning are caused mainly by the very low ΔHC. These data points were acquired by the PTR-MS when α-pinene concentration was high at the very beginning, whereas the calculated ΔHC was too low and within the α-pinene detection limit. Therefore, we have removed the initial data points with extremely low ΔHC in Figure 3 . "A possible interpretation for such a decrease in yield is that acidic particles (i.e., the inorganic core)
were gradually less accessible with increased organic coating on acidic particles, assuming that the diffusion of organic molecules into the inorganic seeds was considerably slowed. This process was indeed possible at the studied final RH (approximately 29-43%), given that SOA could be in an amorphous solid or semisolid state with high viscosity at low to moderate RH (e.g., ≤ 30%) (RenbaumWolff et al., 2013; Virtanen et al., 2010) ." (Lines 242-247) (3) Figure 5 : Firstly, the y-axis scale is misleading. Although it seems that SOA yield increases a lot once injecting seed, the actual enhancement is only on the order of 0.01, which is within measurement uncertainty.
Response: We agree that using "SOA yield" as the label of y-axis is not appropriate here, as this is different from the general definition of SOA yield. The main point of Figure 5 is to show the increase in organic aerosol mass for experiments with acidic particles (high-and low-NO x ) compared to those with ammonium sulfate particles. We have changed the "SOA yield" to "Normalized SOA mass" and also added an additional graph in the revised Figure 5 to show the increased organic aerosol mass for the acidic particles compared to the ammonium sulfate particles. The increase in organic aerosol mass was up to 6 times higher for acidic particles than those of ammonium sulfate particles at the initial stages, as presented in Figure 5b below. Table 1 ). Time= 0 hour represents the beginning of reactive uptake of Response: The reviewer is correct in terms of the potential organic contamination during the atomization procedure. We also have noticed that the organic concentration was increased slightly when adding acidic seed particles. However, the organics associated with sulfate seed is not a concern here, as we are discussing the generated organic aerosol mass (ΔM 0 ), which was obtained by subtracting the initial organic mass from the total organic mass measured in real-time. We have clarified the meaning of the original sentence:
"The generated organic aerosol mass increased immediately after adding seed particles for all
experiments." (Line 277)
Thirdly, how is the increase of SOA yields calculated? What's the reference?
Response: We calculated the SOA yields for the four experiments in Figure 5 using the ratios of ΔM 0 /ΔHC in the original manuscript. However, as described in the response to the first question, we believe that it is not appropriate to use "SOA yield" as the label of the y-axis in Figure 5 . Therefore, the "SOA yield" has been replaced by the "Normalized SOA mass". figure 7) , who showed that AS particles have no effect on for both low and high NO x conditions.
Fourthly, the results are not consistent with Eddingsaas et al. (2012a) (
Response: It is not clear why there was no additional SOA was formed after introducing ammonium sulfate particles in Eddingsaas et al. (2012a) . In contrast, the increase of particulate organic aerosol mass in our study can be explained by the reactive uptake of the gas-phase α-pinene oxidation products formed in the early stage by the acidic and ammonium sulfate seed particles. The point here is that the increase of particulate organic aerosol mass was stronger for acidic particles than for ammonium sulfate particles. The results of our study are also not necessary to be consistent with those of Eddingsaas et al. (2012a) , considering the different initial conditions. We have added this statement in the revised manuscript:
"This can be explained by the reactive uptake of the gas-phase α-pinene oxidation products formed in the early stages onto the acidic and ammonium sulfate seed particles." (Lines 277-279)
Minor comments:
1. Response: (1) As the y-axis is scaled both for total α-pinene concentration and α-pinene consumed by OH, it is not appropriate to change the y-axis to "Δα-pinene consumed by OH". Therefore, in order to avoid confusion, we have changed the "OH consumed α-pinene" to "α-Pinene decay by OH" in the legend of Figure 1 .
(2) The SOA mass concentrations were corrected for particle wall loss using the method described in the manuscript. We have added the following statement in the caption of Figure 1 : "The presented SOA mass concentrations have been corrected for particle wall loss according to the decay of sulfate mass."
(Lines 664-665) Figure 1 . Time series of the mass concentrations of generated SOA and the mixing ratios of NO, O 3 , total α-pinene decay, and OH consumed α-pinene in (a) high-and (b) low-NO x experiments using ammonium sulfate as seed particles. Time = 0 hour is defined as α-pinene photooxidation initiated when the lamps were turned on. The presented SOA mass concentrations have been corrected for particle wall loss according to the decay of sulfate particles. The sentence referred to: "This assumption is appropriate given that organics contributed by selfnucleation was estimated to be less than 0.1 µg cm −3 in the studied system."
Response: This is same as minor comment #4 from reviewer #1. This estimation is based on the particle number concentration measured by the CPC and the organic mass concentration measured by the AMS, not obtained from the particle size distribution measured by SMPS. We observed less than 50 cm −3 particles contributed by self-nucleation and also no obvious increase in organic mass concentration by the AMS measurement in the experiments without adding seed particles. We therefore estimated a maximum concentration of 0.1 µg cm −3 for self-nucleated organic aerosols by using a particle number concentration of 50 cm −3 and a particle diameter of 70 nm. However, this estimation may have some uncertainties in terms of the particle size. We have therefore replaced the estimated value with the observed experimental results as follows:
"This assumption is appropriate given that less than 50 particles cm The sentence referred to: "The results of Figure 5 also indicate that early α-pinene oxidation products under low-NO x condition did not participate in acid catalysis, whereas the later products did."
Response: This conclusion is not in conflict with Eddingsaas et al. (2012a) . Indeed, the increase of organic mass was only observed when introduced seed particles after photooxidation under low-NO x conditions. We therefore concluded that early α-pinene oxidation products under low-NO x condition did not participate in acid catalysis. Note that here the "early α-pinene oxidation products" in our study
are not necessary the "first generation products". Figure 8 in Eddingsaas et al. (2012a) presents the time series of CIMS traces in experiments with adding seed particles after 4-hour α-pinene photooxidation under low-NO x condition, where the products are similar to "the later products" defined in our study.
We have rephrased the original sentence to make it more clear:
"The results in Figure 5 also indicate that later products of α-pinene oxidation were more likely to be acid-catalyzed than the early products under low-NO x conditions." (Lines 287-288) Response: We intended to address the different final oxidation products from the gas-phase chemistry of RO 2 rather than to refer to the detailed gas-phase chemistry here. Therefore, we have rephrased the first sentence slightly as follows: The sentence referred to: "SOA formed from photooxidation of isoprene has also been reported to become more oxidized under low-NO x conditions, which is contrary to those under high-NO x conditions (Xu et al., 2014)."
Response: As stated by Xu et al. (2014) , "SOA becomes less volatile and more oxidized as oxidation progresses in HO 2 -dominant experiments, while the volatility of SOA in mixed experiments does not change substantially over time". Therefore, this sentence itself is correct, but it was not appropriate to be cited here and also it distracted our major focus on α-pinene. We have removed this sentence in the manuscript.
line 318. Please cite Boyd et al. (2015) and Xu et al. (2015b).
Response: These two references have been cited as follows and also listed in the section of References:
"Large relative contribution of organic nitrates to the nominal inorganic nitrate fragments is demonstrated by a higher NO + /NO 2 + ratio than those of pure ammonium nitrate (Bae et al., 2007; Boyd et al., 2015; Farmer et al., 2010; Fry et al., 2009; Xu et al., 2015b) ." 
